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ENERGY RECOVERY fROM THE HEAT Of REJECTION 
by 
Subhash M. Sule 
Consulting Engineer, 
HVAC & Rand Energy Management,India 
Member, ASHRAE 
ABSTRACT 
The paper shows a method ln which the heat rejected by the 
refrigeration system can be recovered. The application discussed 
here pertains to an air conditioning facility situated in humid 
climate and the one that requires relative humidlties lower than 
55%. Reheat is required in such applications for controlling the 
inside des1gn conditions. The new method utilizes the heat of 
reJection for reheating instead of us1ng energy from an external 
source. Thls method not only reduces the energy consumptlon (kWh) 
of the system but it also lowers the peak demand (kW) and provides 
for additional subcooling of the refrigerant liquid. The owning 
costs of the new system are compared with the annual savings in 
energy, on the basis of life cycle costing. 
INTRODUCTION 
This paper deals with energy recovery from the heat of 
reJection of the refrigeration plant of a facility manufacturing 
pharmaceutical products. 
During the energy audit of the facility, energy consumption 
patt@rns of various areas were studied. A1r conditioning systems 
were some of the highly energy intenslve activities and even among 
these, the air conditioned areas which required relative humidities 
lower than 55% were the most energy intens1ve. High ambient dew 
point temperatures during the summer and the monsoon months 
associated with inside relative humidities lower than 55%,reguired 
the use of reheat. 
ANALYSIS OF THE OLD SYSTEM 
Tables - lA and lB show the details of cooling load analysis 
of the air conditioning systems for summer and monsoon" Figure - 1 
explains the psychrometric process. 
It is interesting to see that reheat constitutes from 7% to 
80% of the total cooling load of the low relative humidity (lower 
than 55%) areas during the major part of the year in humid climates. 
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TABLE - lA 
THE ANALYSIS OF COOLING LOADS IN SUMMER (RS) 
PARTICULARS 
OF LOADS 
OUTDOOR DESIGN db (C) (F) 
wb (C) 
(F) 
INSIDE DESIGN db (C) (F) 
rh (%) 
ROOM SENSIBLE (kW) 
HEAT (Btu/h) 
ROOM LATENT (kW) 
HEAT (Btu/h) 
ROOM TOTAL (kW) 
HEAT (Btu/h) 
RETURN AIR (kW) 
LOADS (Btu/h) 




INDICATED ADP (C) (F) 




REHEAT REQUIRED (kW) 
(Btu/h) 
AIR QUANTITY (1/s) (cfm) 
REFRIGERATION (kW) 
LOAD ( TR) 
HEAT REJECTED (kW) (TR) 
























































































































































Notes for Table - !A 
dry bulb temperature ; db, wet bulb temperature • wb, 
relative humidity ~ rh, ~pparatus dew point - ADP 
(R5) : Based on ~eference 5. 
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TABLE - 18 
THE ANALYSIS OF COOLING LOADS IN MONSOON 
PARTICULARS 
OF LOADS 




INSIDE DESIGN db [C] 
[F] 
rh [%] 
ROOM SENSIBLE [kW] 
HEAT (Btu/h] 




RETURN AIR LOADS [kW] 
[Btu/h] 












REHEAT REQUIRED (kW] 
(Btu/h] 




HEAT REJECTED (kW] 
(TR] 




















































































































































-------------~-----------------------------------------------~-------~ Not~9 for Tab1~ - 1B : dry bulb temperature ~ db, wet bulb temperature 
~ wb, relative humidity ~ rh, Apparatus dew point ~ ADP 
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The old air conditioning facility consisted of two stage 
vapour compress1on system with reciprocating compressors 
using 
R717 (Ammonia), shell and tube flooded chillers using Propylene 
Glycol brine and shell and tube water cooled condensers. 
The 
system had electrically operated reheat coils installed in
 the 
supply air ducts downstream of the cooling coils/sprays. 
Figure- 2 shows the system components, while Figure- 3 
explains the two stage vapour compression cycle on the P
ressure -
Enthalov diagram. The state points are .identified by ASHR
AE 
subscripts, which apply to both the figures. 
Table - 2 presents the system parameters at the respective
 
state points. 
FEATURES OF THE NEW SYSTEM 
It was observed in the facility that the demand for reheat
 
as well as the availability of the rejected heat occur 
simultaneously. Hence a heat recovery system using the r
ejected 
heat was designed, incorporating the following 
1. Finned-tube reheat coils suitable for using the hot 
gas from the high pressure compressor. 
2. Three-way diverting valves to regulate the quantity 
of hot gas circulated through the reheat coils. 
3- Dry-bulb temperature controllers to contro
l 
operation of the diverting valves. 
the 
4. Refrigerant piping with isolating and non-return 
valves to circulate the hot gas from the compressor 
through the reheat coils and the condenser. 
All other system components such as the compressors, 
desuperheater, brine chiller as well as the condenser we~e
 kept 
unaltered. 
Table - 3 presents annual savings in energy. 
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TABLE - 2 
THE SYSTEM PARAMETERS AT THE RESPECTIVE STATE POINTS. (R1) 
REFRIGERATION LOAD AT 266.5 K (20F) 
REFRIGERANT R717 (AMMONIA) 
STATE TEMPERATURE PRESSURE DENS_)TY 
kg/m 








































































2.20 480 10.50 






















































(R1) Based on ASHRAE method in reference 1. 
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'rABLE - 3 
ANALYSIS OF THE ENERGY CONSUMED BY AN AIR CONDITIONING SYSTEM FOR 
A PHARMACEUTICAL INDUSTRY REQUIRING CONTROLLED CONDITIONS IN HUMID 
CLIMATE 
PARTICULARS OF ENERGY 
CONSUMPTION 













































(a) Refrigeration Load : 355.9kW (101.1 TR), Heat Rejected : 465 kW 
( 132 TR). 
(b) Assumptions for Additional Subcooling of Refrigerant in the New 
Reheat coils shown in the State Points (3.1 - 3.3) of Table- 2 
and Figure- 3 are, ambient Wet Bulb Temp. ~ 26.ll"C (79F) ,Cold 
Water from the Cooling Tower at Temp. ~ 30"C (B6F), The Lowest 
Temp. at which the Refrigerant Liquid may be cooled ~32.3"C(90F) 
(c) Annual Peak Demand is the Sum of Monthly Peak Demands in a Year. 
(d) Annual Energy Consumption is the Sum of Monthly Energy 
Consumptions in a Year. 
(e) Energy Tariffs are for Locations in India and are based on the 
present rate of US$1.00 ~ Rs.30.00 
(f) The cold water temperature from cooling tower is based on the 
method in reference 4. 
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LIFE CYCLE COSTING 
An analysis of rh~ own~ng and the operating costs of the old 







P~ping and Fittings 
Temperature Controllers 
Installation 
Total of owning costs 
(Present Worth of Investment), PW 
Annual Operating Costs 
Spares Replacement 
Maintenance 
Insurance Premium (Accident, Fire) 
Total of Annual Operaring Costs 
Analysis of Costs 
First Year's gross savings in energy 
Ner Annual savings in energy 
Rate of interest on borrowings, 
Rate of escalation, 




















" [~] 1 + l 
~] l + J 
- $64,452 
- $ 1 ,450 
- l 
Hence, the number of years to pay-back, n works out to one year. 
(1) These costs apply to Indian conditions and are based on the 
prE!sent rate of; 
US $ 1.00- Rs.30.00 
(2) ThE! life cycle costing is based on ASHRAE method in reference 2. 
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Figure - 4 shows the schematic layout of the system with the 
reheat coils using hot gas from the high stage compressor. 
The 
condenser was sized for the maximum heat of reJeCtlon. This 
ensured that adequate subcooling (state po1nt 3.1 in Table - 2 and 
Figure - 3) occurred in case the reheat coils used m1n1mum of hot 
gas. Backup arrangement for the reheat coils was not necess
ary 
since the requirement of reheat and the availab1lity of the re
jected 
heat are simultaneous occurrences. 
CONCLUSIONS 
The life cycle costing indicates that the pay-back per10d of 
the new system modifications works out to one year. Hence th
is 
method of heat recovery is very cost effective. Espec1ally in
 large 
industr1al appllcations, where refrlgeration and air condition
ing 
systems constitute some of the most energy intensive act1v1ti
es, a 
substant1al conservation of energy can be achieved. 
the heat of rejection can also be used to pre-heat water 1n 
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LEGU1D db -DRY BULB TEMP. 
wb -WET BULB !EMF. 
rh -PELATI'/E HUMIDITY 
r.DP -APPARATUS DEW POINT 
GSHF·GPAND SENSIBLE HEAT FACTOR LINE 
I'ISHF.POOM SENSIBLE HEAT FACTOR LINE 
!-MIXTURE CONDITION-~, 
! ENTERING MAIN COIL L.-- ------------ .. -
~SUPPLY AIR GJNlJITIOf>, 





-----· -- __ ....L _,,l_-





















ENTHALPY, KJ/Kg (Btu lib) 




HEAT RECDHRV EQUIPMENT 
r----------~--------~ 
' ~--- ~---- ------ -~- ~ _ _j 
L - BRINE 10 BE COOlED 
RL- REFRIGERANT LIQU•O 
RS- REFRIGERANT SUCTION, 
HG-~T GAS 
. [r~~-SiON V_r.Lv~] WI-WATER"', WO -wAr En OUT 
FIGURE:-4 SCHEMATIC OF HEAT RECOVERY FROM THE REJECTED HEAT 
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